
[Orthopedic Reviews 2011; 3:e13] [page 57]

Hip arthrodesis in the pediatric
population: where do we
stand?
Bernd Bittersohl,1,2 Daniela Zaps,1,2

James D. Bomar,1 Harish S. Hosalkar1

1Department of Orthopedic Surgery,
Children’s Hospital San Diego, USA;
2Department of Orthopedics, Heinrich
Heine University Hospital, Dusseldorf,
Germany

Abstract 

Reconstructive and salvage procedures have
continued to evolve in orthopedic surgery with
changing functional demands of the popula-
tion as well as advances in implants and surgi-
cal techniques. What used to be popular or tra-
ditional care at some point may eventually
become a thing of the past, and this is true as
far as many orthopedic surgical procedures are
concerned. Understanding the etiology, patho-
genesis, and managing and postponing the
destructive pathway of osteoarthritis (OA) has
been the goal of orthopedists since the special-
ty began in the early part of 18th century.
Options of treating the severe sequelae of an
arthritic joint have varied in different treat-
ment eras. Management options have changed
from a spectrum of non-treatment and slow
suffering to muscle and soft-tissue releases,
interposition arthroplasty and eventual
extreme options like joint fusion or arthrode-
sis. The concept and advent of joint replace-
ment surgery started a new era in the manage-
ment of OA and was a dream come true in
many ways. Mobility and stability are achieved
together during the arthroplasty (joint replace-
ment) that allowes the patient to maintain a
good level of function. Arthroplasty certainly
has its pros and cons as we have discovered in
the past six decades. Pushing the envelope to
younger population has its limitation in terms
of longevity of the prosthesis, early loosening,
need for repeated revisions that at some point
may not be technically possible and risk of
infection and disastrous consequences like PE
and death associated with the gravity of the
procedure. As infrequent as it is in today’s clin-
ical practice, arthrodesis of the hip joint has a
role and remains a solid option for a well
selected case. 
The purpose of this review is to discuss the

current indications in the pediatric population
and outline surgical techniques for hip
arthrodesis while pointing out limitations and
shortcomings.

Introduction

Secondary osteoarthritis (OA) of the hip is
common in various pathologies of the hip in
the pediatric population and include Legg-
Calvé-Perthes disease (LCPD),1-5 slipped capi-
tal femoral epiphysis (SCFE),6-8 developmental
dysplasia of the hip (DDH),9-13 idiopathic
femoroacetabular impingement (FAI)14-19 as
well as juvenile polyarthritis,20-23 septic arthri-
tis24-27 primary and secondary avascular necro-
sis.28-32 The main purpose of intervention in
this clinical setting is aimed at relieving pain,
maintaining activity levels, restoration of hip
joint function, and enhancement of quality of
life.33

Although arthroplasty of the hip joint (either
surface replacement or traditional total hip
arthroplasty [THA]) has become a fairly rou-
tine procedure in middle-aged and elderly pop-
ulation with reasonably predictable results, the
data available on the long-term follow-up in
adolescents and high-demand young adults is
fairly limited.34-38 Some series reported unsat-
isfactory results with unacceptably high revi-
sion rates ranging from approximately 30% to
50%.39-42 An arthrodesis of the hip joint, with its
ability to offer stability and good function, even
in a high-demand patient group, and an option
to convert it to a THA later if needed, remains
an acceptable modality of treatment.36,43 It is
important to further recognize that this popu-
lation remains unique from various perspec-
tives including; life expectancy of likely more
than 7-8 decades, higher activity levels that
include sports, social demand, sexuality, and
personal/individualized expectations of out-
comes and function being markedly different
from elderly patients who receive THA or hip
arthrodesis as a treatment option. 
This article provides a comprehensive

overview on hip arthrodesis that may guide the
treating clinician while approaching such a
case. Indications for hip arthrodesis are elabo-
rated and different surgical techniques to
achieve a stable as functional hip arthrodesis
are outlined and illustrated. Potential prob-
lems and their management strategies are dis-
cussed.

Indication

Hip arthrodesis in pediatric population (12-
19 years, i.e. adolescents) could be recom-
mended in patients with unilateral end-stage
OA where hip-preservation procedures are no
longer possible or predicted to certainly fail.33

Etiology of secondary OA in this population has
been previously outlined (see above).
Arthrodesis may also be recommended in cer-
tain cases where THA is not feasible like in

patients with advanced bone defects that may
severely compromise implantation of THA and
in cases of severe neurological disorders and
neuromuscular insufficiency where soft-tissue
balancing for stable THA is not possible.44

Relative contraindications for THA are history
of sepsis, severe obesity, predictable repetitive
loading and excessive demand placed on the
hip (example: planned career as construction
worker), which make these relative indica-
tions for arthrodesis. The combination of an
age less than 30 years with a history of multi-
ple hip surgeries, post-traumatic arthritis,
and/or post-infectious hip disease without pre-
existing lower back pain, ipsilateral knee or
contralateral hip arthritis in a highly active
individual is potentially a strong indication for
hip arthrodesis.36 In contrast, poly-articular OA
or symptomatic bilateral conditions should not
be considered for unilateral arthrodesis
because of the risk of development of con-
tralateral symptoms and progression of con-
tralateral arthritic changes.36

Understandably, bilateral hip arthrodesis is
not indicated in any patient. Of note, female
patients tend to do as well as male patients, with
no reported difficulties with childbirth.36,45

Techniques

There are several factors to be considered
while planning a successful hip arthrodesis.36

These include proper patient selection (as out-
lined above), understanding the unique pre-
existing morphology of the patient’s hip to plan
the surgical technique, choosing the right
position for arthrodesis, and avoiding a signif-
icant limb-length discrepancy.
In the last century, several techniques to

perform a successful hip arthrodesis have
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been reported. These could be broadly catego-
rized as: i) Trans-articular methods and ii)
Combined Trans- and Extra-articular methods.
In general, superior fusion rates have been
reported for techniques that combine trans-
articular compression and stable internal or
external fixation.46-48 Some authors additional-
ly favor subtrochanteric osteotomy with the hip
fusion as they believe this leads to better align-
ment of the extremity and relieves tension
across the hip joint by avoiding the long lever-
arm effect.49 The best surgical approach for
intervention remains debatable and should be
judged on a case-by-case basis. 

What is the optimal position for hip
arthrodesis?
The recommended position for hip joint

fusion is 15°-40° flexion, 0°-10° abduction or
adduction (anatomic femur axis to horizontal
axis of the pelvis) and 0°-10° external rota-
tion.36,50-55 It is critical to perform repeated
measurements, clinically and also fluoroscopi-
cally during the procedure to avoid a less than
ideal positioning.52 Hip arthrodesis with insuffi-
cient flexion can compromise the ability to sit
while excessive flexion can exacerbate pre-
existing shortening of the leg (LLD) and
increase the conducted strain on the lumbar
spine.36 Karol et al. noted in a gait and function
study of adolescents who underwent hip
arthrodesis that walking was better in patients
who had less flexion in the fused hip.53 They
concluded that there may be no specific position
in flexion that guarantees both easy sitting and
absence of pain in the lumbar spine and their
recommendation for hip flexion in hip arthrode-
sis is a flexion of 20-25°. It is important to rec-
ognize individual activity levels in the preopera-
tive planning process. For example, if the
patient is likely spending most of his or her time
in a sitting position (example: office occupa-
tion), hip fusion with a flexion towards 30° may
be favorable whereas for patients who spend
more time standing, a less degree of flexion
(i.e. 20°) may be more suitable.36 In the neutral
leg/pelvis position, the anatomic axis of the
femoral shaft has a mean adduction of 6° to the
mechanical axis.36 Based on the study of
Lindahl, an increase of 3° of adduction causes
apparent leg shortening of approximately one
cm whereas abduction of an additional 3° cre-
ates an apparent lengthening of approximately
one cm.56 Equal leg length is desirable and LLD
should be kept to a minimum (1-1.5 cm). From
a procedure standpoint, the removal of acetabu-
lar and femoral cartilage will lead a further
shortening that may add to a true LLD. A true
LLD of two cm may be addressed with increase
of abduction or adduction as described by
Lindahl56 thereby functionally helping the
patient. Excessive abduction on the other hand,
should be avoided as knee instability has been

reported to correlate with excessive hip abduc-
tion.53 For a LLD above four cm, a two-stage pro-
cedure that involves limb-length correction
(with any of the methods described) after the
hip joint has been fused and/or epiphysiodesis
at the appropriate time and location should be
performed. In addition, variations in abduction
or adduction of more than 6° have been report-
ed to have a negative effect on the overall func-
tional outcome.51,52 Rotation of the leg is
assessed intra-operatively by aligning the patel-
lar orientation to that of the pelvis. Slight (~10°
-15°) external rotation is favorable to facilitate
routine foot care and shoe wear. Excessive
external rotation, on the other hand, will
increase the load on the knee and internal rota-
tion of the hip may induce unstable gait-pattern
due to in-turning of the foot. Secondary func-
tional problems and eventual disabling symp-
toms due to mal-positioning may occur.57

Trans-articular methods
Trans-articular compression hip arthrodesis
via anterior approach with muscle pedicle
bone graft
The patient is placed on a fracture table in

supine position, followed by routine prepara-
tion and draping.49 Next, the hip capsule,
greater trochanter, femoral head, and rim of
the acetabulum are exposed via the anterior
iliofemoral approach. If the access to the
femoral head is insufficient and cannot be
enhanced by flexion and rotation of the leg,
the hip joint may be dislocated anteriorly. The
arthritic cartilage of the femoral head and the
acetabulum is then removed. Following the
removal of soft tissue such as synovium or
capsule, which can hinder osseous union, the
femoral head is placed into the acetabulum.
When an optimal alignment of the hip is con-
firmed, three or more long-threaded pins are
inserted through the femoral neck and head
across the joint into the ilium while com-
pressing the fusion surfaces. Alternatively, an
adult compression hip screw implant can be
used. An additional subtrochanteric osteoto-
my may be performed when the optimal align-
ment of the hip as described above cannot be
achieved.  
Muscle-pedicle bone grafts with intact blood

supply (reported to lower the rate of
pseudoarthrosis)58 consisting of the anterior-
superior spine with adjacent bone and origins
of sartorius and tensor fasciae lata, can be graft-
ed at the site of arthrodesis. Good outcomes
have been reported when using larger bone
grafts by extending the osteotomy towards the
acetabulum.59 A bone slot is made across the hip
joint from the ilium superior to the acetabular
rim to the femoral head and neck reaching the
intertrochanteric line. The muscle-pedicle bone
graft is then placed within the slot and fixated
with one screw in the ilium and the other screw
in the femur avoiding torsion or tension on the

pedicle (Figure 1).
Post-operative management includes hip-

spica cast immobilization until radiographic
healing. Based upon clinical and radiographic
findings, weight-bearing may be allowed after
12 weeks. If indicated, hardware removal can
be performed one year after solid fusion. 

Trans-articular hip arthrodesis with
dynamic hip screw via lateral approach
The patient is placed on a standard radiolu-

cent operating table in supine position.
Following standard preparation and draping,
the hip is exposed via the interval between
tensor fascia lata and gluteus medius
(Watson-Jones approach).60,61 This is followed
by the anterior dislocation and exposure of
the joint. The remaining articular cartilage of
femoral head and acetabulum is removed
using standard THA reamers. The resulting
bone reamings can be used as supplementary
bone graft later. Under fluoroscopic control in
two planes, a wire is inserted through the
neck and femoral head in order to guide the
placement of the dynamic hip screw (DHS).
Once the hip is aligned in proper position (as
described above), the guide-wire is pushed
forward superiorly into the acetabulum.
Subsequently, the arthrodesis is fixed with
the DHS system by a suitable lag screw con-

Figure 2. Trans-articular hip arthrodesis
with a dynamic hip screw via the lateral
approach.
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Figure 1. Trans-articular compression
arthrodesis of the hip joint via the anterior
approach involving a muscle pedicle bone
graft.
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nected to an appropriately sized 135° plate
that is held in place by cortical screws. The
use of an additional cancellous bone screw
provides further rotational stability. A sub-
trochanteric osteotomy may be added when
necessary (Figure 2).
Immobilization is provided with a hip-spica

cast. Depending on clinical and radiographic
progress, subsequently the spica is either
removed completely or converted into a
removable molded polypropylene orthosis,
which is worn until union is complete.
Of note, hip arthrodesis with the DHS tech-

nique has been reported to be a safe and
effective method that does not technically
compromise THA at a later stage.60 It does not
necessitate extensive surgical exposures in
order to place bulky internal fixation
devices.46,54,62 The impairment of the abductor
mechanism is negligible and the blood supply
to the femoral head is reportedly not affected.
Furthermore, from the practical perspective,
the implants required for this technique are
rather inexpensive and commonly used and,
thus, readily available. The study group of
Bankes et al.,60 who described this technique
in ten patients (mean 19 years, range 14-35
years), reported a fusion rate of 78%. 

Trans-articular hip arthrodesis via
trochanteric flip osteotomy with open sur-
gical dislocation of the hip
The technique of surgical dislocation of the

hip as described by Ganz et al.63 enables 360°
exposure of the hip that has been reported in
several studies for the treatment of various
hip disorders.64 We have successfully used
this technique in cases with end-stage OA of
the hip in adolescent patients.
The patient is placed on a radiolucent table in

the lateral decubitus position. Special attention
is paid to appropriately pad the pressure points
and stabilize the opposite extremity. Once a sta-
ble positioning is ensured, the affected hip is
prepped and draped to the subcostal margin in a
standard sterile orthopedic fashion. The surgical
approach is initiated by a lateral incision from
the tip of the iliac crest down to the mid femur
(modified Gibson approach).65 This is carried
through skin, subcutaneous tissue and fascia
lata, which is split at the transition line between
the tensor and gluteus maximus. A Charnley-
retractor is used for self-retained retraction. The
gluteus maximus is retracted posteriorly and the
posterior aspect of the greater trochanter is
identified. The vastus lateralis insertion into the
greater trochanter is identified and marked with
a bovie point. Next, the posterior border of the
gluteus medius is identified at its insertion on
the greater trochanter and another bovie mark is
made at this insertion while leaving a few fibers
of the gluteus medius (2-3 mm) posterior to the
bovie mark (so as to be sure that the piriformis
is protected). Subsequently, a Z osteotomy is cre-

ated with a digastric flap attached to the gluteus
medius and vastus lateralis muscles. The
greater trochanter is then flipped anteriorly and
the capsule is identified. Beginning on the
femoral side near the lesser trochanter, the cap-
sulotomy is extended towards the acetabular rim
in a classically described Z shaped manner. The
superior capsulotomy is performed under direct
visualization of the labrum.
The next step involves gentle external rota-

tion to expose and divide the ligamentum teres
under vision. This is followed by antero-superior
hip dislocation enabling complete exposure of
the hip joint. Osteotomes and a high-speed burr
are used to denude the femoral head of articular
cartilage and subchondral bone down to good
bleeding bone. Standard THA reamers are then
used to denude the acetabulum of fibro-fatty tis-
sue, scar and also the articular cartilage up to
well-bleeding subchondral bone. The hip is then
positioned in the proper alignment as previous-
ly described. Holding the hip in this position
with positioners and a separately prepped sterile
Mayo-stand, three 7.3 mm guide pins are drilled
into the superior acetabulum from the lateral
proximal femur. These guide pins are then over-
drilled and 7.3 mm cannulated screws are insert-
ed while compressing the articulating surfaces.
Additional bone-grafts are placed around the
arthrodesis site as needed. After confirming an
adequate hip compression and implant position-
ing, the greater trochanter is then replaced in its
original position and two 3.5 mm fully-threaded
stainless steel screws are inserted to re-position
and compress the greater trochanter into place.
Fluoroscopy is used to confirm suitable screw
length and positioning. Upon wound closure and
dressing, the patient is turned supine and a hip-
spica cast is applied. 
At six weeks, the cast is removed.

Depending on clinical and radiographic find-
ings (Figure 3), partial weight-bearing can be
started after six weeks while full weight-bear-
ing may be allowed after 12 weeks.  
Similar to the techniques with the DHS,

the trochanter flip approach for surgical hip
dislocation and hip arthrodesis spares the
abductor muscles. It is a safe and effective
method in trained hands. Routine implants
can be used for achieving fusion with this
technique and a conversion to a THA is possi-
ble when indicated in future. 

Combined trans- with
extra-articular methods
Combined trans-with extra-articular hip
arthrodesis via lateral approach with
cobra plate (Vancouver technique)
The patient is positioned on a radiolucent

table in the lateral decubitus position.66 The
opposite leg is placed in flexion in order to
minimize the degree of lumbar lordosis. The
leg is prepped and draped in the typical ortho-

pedic manner. A lateral incision centered over
the greater trochanter that curves slightly
posteriorly in its proximal extent is made.
This is carried through the subcutaneous tis-
sue and fascia lata, which is divided accord-
ingly. The vastus lateralis is elevated and a
standard osteotomy of the greater trochanter
is conducted. The cut of the greater
trochanter with abductor muscle origins is
retracted proximally. This step is performed
with the necessary diligence to spare the glu-
teus medius for a possible conversion to a
THA in the future. The joint capsule is incised
anteriorly and the hip is dislocated exposing
acetabulum and femoral head. At this stage,
the posterior soft tissues including external
rotators and capsule are protected in order to
preserve the blood supply to the femoral head
from that route. The acetabulum is reamed
and medialized using a standard THA reamer.
The femoral cartilage is removed and the
head is shaped with suitable instruments.
Osteophytes are excised. If necessary, a
matching concave reamer can be used to
shape the femoral head in order to provide a
spherically congruent arthrodesis site. The
bone reamings can be used as bone grafts.
Next, the hip is reduced and the leg aligned in
the proper position with approximately 30°
flexion, 10° adduction and 5° of external rota-
tion. Subsequently, the cobra plate is initially
fixed with one proximal screw to the supra-
acetabular bone. However, the implementation
of compression using the device may cause a
slight increase of abduction. Thus, it is recom-
mended to apply the plate with the leg adduct-
ed 10°more than the optimal final position. An
outrigger compression screw applied through
the femoral neck into the acetabulum is used
to compress the femur to the acetabulum.
Fluoroscopy in two planes is obtained in order
to confirm proper implant placement and ade-
quate hip alignment. If suitable, plate fixation
and compression are completed. Next, the
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Figure 3. X-ray out of plaster at six weeks
post-op following trans-articular hip
arthrodesis via trochanteric flip osteotomy
with open surgical dislocation of the hip. 
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greater trochanter is reattached in its anatom-
ic position to ensure sufficient abductor length
by using one or two screws (Figure 4). When
the fluoroscopic check-up is satisfactory, the
wound can be closed in the usual manner.
Postoperative management includes early

rehabilitation. Of note, mobilization can be ini-
tiated on the first postoperative day with toe-
touch weight-bearing, assuming the patient is
confident on crutches. A fiberglass hip-spica
cast can be considered if there are any concerns
about the stability of the fixation and/or compli-
ance of the patient. Partial weight-bearing on
two crutches is performed for 12 weeks. If clini-
cal and radiographic follow-up observation are
satisfactory, weight-bearing may be gradually
increased after six weeks.
The Vancouver technique, which represents

a combined trans- and extra-articular method
with compression and stable internal fixation
technique, has been reported to provide reli-
able fusion,46,62,67 although a rate of only 64%
with uneventful clinical and radiographic
arthrodesis has been reported in a series of 11
adolescents.68

Combined trans-with extra-articular hip
arthrodesis via anterior plating technique
The patient is placed on a fracture table in

supine position. Parts are prepared and draped.
The hip is exposed through a modified Smith-
Petersen approach69 in the interval between the
sartorious and tensor muscles. The exposure is
deepened through the subcutaneous layer
releasing the abdominal and abductor muscles
from the iliac crest. Subsequently, both sarto-
rius and rectus femoris are detached from the
tensor fascia muscular sheet. In order to
approach the femur and hip joint, the vastus lat-
eralis is elevated anteriorly. As the hip joint is
exposed, the cartilage from the femoral head
and acetabulum are removed using the appro-
priate instruments. Once the desired hip posi-
tion is confirmed, a 6.5 mm lag screw is insert-
ed through the greater trochanter and femoral
neck into the supra-acetabular bone that pro-
vides additional compression. Next, a 12-to 14-
hole low-contact broad dynamic compression
plate is contoured in order to match the bone
pattern from the inner table of the ilium (inter-
nal iliac fossa) across the anterior acetabular
rim and the anterior femoral neck onto the
intertrochanteric area. Once the plate is con-
toured appropriately, it is fixed to the ilium and
a tensioning devise is applied to the distal end
of the plate in order to create compression at
the arthrodesis. The plate is subsequently fixed
to the femur using screws of suitable length. If
necessary, the plate may be adjusted to the
femur in an under-contoured fashion to preven-
tun favorable increased hip flexion. If required,
iliac crest bone graft can be applied to the
arthrodesis. If clinical and fluoroscopy control
confirms a good surgical result, the wounds are

closed in a typical manner. 
Postoperatively, partial weight-bearing for

eight to ten weeks is recommended. Full
weight-bearing is allowed after 12 weeks if
clinical and radiographic data reveal stable
bone fusion. 
Of note, the aim of the anterior approach is

to provide a stable fixation based upon a strong
bone stock while preserving the abductor mus-
cles and the vascularity of the femoral head.
With the plate fixed on the internal iliac fossa
laterally to the sacroiliac joint, which is an
area of thick bone, excellent stability can be
realized, making this technique a good alter-
native in cases where there is a fairly limited
amount of acetabular or proximal femoral bone
stock (Figure 5). Similar to the Vancouver
technique, no external fixation (casting) is
mandatory assuming the patient is confident
on crutches and compliant with postoperative
partial weight-bearing. Furthermore, with the
patient supine the positioning of the arthrode-
sis may be easier to control. In a study of 12
patients, Matta et al. reported a fusion rate of
83% (mean follow-up: 24.8 months).54 In their
study, one patient developed a moderately
symptomatic non-union while another patient
revealed a painful non-union requiring a sub-
sequent arthrodesis. In general, patient satis-
faction in this small case series was high.  

Pearls 

The surgical technique chosen for the
fusion should attempt to minimize trauma to
the muscles around the hip to allow for a con-
version into a THA at a later stage. Conversion
THA is technically more challenging than a pri-
mary THA. During fusion, a proper hip position
(15°-40° flexion, 0°-10° of adduction or abduc-
tion, and 0°-10° external rotation) to minimize
excessive lumbar spine- and opposite knee
compensatory motion is essential to prevent or
limit secondary problems following hip
arthrodesis.36,50-55 Subtrochanteric osteotomy
for improved hip positioning may be necessary
in some cases.70,71 Although, trans-articular
techniques are safe and effective, fixation may
be inferior to those achieved with extra-articu-
lar plate techniques and torque forces caused
by the lever arm of the limb have to be consid-
ered. Therefore, a hip-spica cast may be neces-
sary to ensure proper bone fusion.47 The high-
est reported fusion rates have been obtained
using techniques that combine trans-articular
compression and stable internal or external
fixation.46-48 Limb-length discrepancy resulting
from disruption of the proximal femoral epiph-
ysis may negatively affect the gait pattern.53

Therefore, epiphyseodesis at the appropriate
age and location to equalize LLD have to be
planned and executed. 

Pitfalls

Even with good patient selection and proper
technique, many patients may have secondary
problems or complications. Symptoms of adja-
cent joints (lumbar spine, ipsilateral knee
joint, contralateral hip joint) related to the
compensatory mechanism secondary to hip
fusion can be problematic. Also in cases where
patients need a secondary THA, results may
not be entirely predictable. Occasionally,
patients may never recover their full abductor
function after THA and require crutches for
the remainder of their life.44

Back pain following hip arthrodesis
Low-back pain is most common in patients

with previously performed hip fusion. In a

Review

Figure 4. The Vancouver technique prior to
wound closure.

Figure 5. Combined trans- with extra-artic-
ular hip arthrodesis via anterior plating
technique.
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study investigating the long-term follow-up
(mean follow-up: 35 years) after hip fusion, 17
patients (61%) revealed back pain after a
mean time of 25 years after hip arthrodesis.45

The pain correlated with extended sitting in 11
patients while in 14 others low-back pain
occurred with prolonged standing or walking.
No patient revealed back pain at rest or with
sitting, standing or walking. Of note, all
patients needed medical treatment, however;
only one patient was admitted to hospital. One
individual was unemployed related to back
pain. In their case series, there was a lower
incidence of back pain in patients whose hips
were fused in adduction (50%) or neutral posi-
tion (60%) than those whose hips were fused
in abduction (78%). This is in keeping with
the studies of Sponseller et al. who reported a
57% rate of low-back pain in their series of 53
patients who were less than 35 years old at the
time of operation (mean follow-up: 38 years).72

Karol et al. noted a correlation between exces-
sive lumbar motion and low-back pain, which
was related to the amount of hip flexion.53 In
patients whose hips were fused with less flex-
ion, their gait pattern, function and pain levels
were favorable. Karol et al. noted that exces-
sive hip flexion is related to excessive compen-
satory lumbar lordosis that can cause low-back
pain. Of note, in Karol’s series of nine adoles-
cents who had an arthrodesis at an average
age of 13 years and 5 months, seven out of
nine patients (78%) revealed back pain (mean
follow-up: 8 years and 10 months) and the
onset of back pain was much earlier (range: 6
-13 years) than those reported by Roberts and
Fetto73 and Callaghan et al.45 This may be relat-
ed to the higher activity levels in this study
cohort of adolescents. 
Although, low-back pain was most common

in patients who underwent hip arthrodesis,
low-back pain in general was not a major prob-
lem in either series of patients and may to
some extent reflect the incidence of low-back
pain of the general population.

Ipsilateral knee pain 
In a follow-up study by Hauge et al. includ-

ing 200 patients (mean age: 52 years, mean
follow-up: 22 years) with unilateral hip fusion,
more than 20% revealed ipsilateral knee pain
or knee joint instability.74 Clinically, 51% were
noted with exhibiting genu valgum while 96%
demonstrated frontal or rotatory instability.
Radiographic OA was evident in 65%. However,
a correlation between position of the fused hip
and its potential effect on the ipsilateral knee
could not be verified. These observations are
in some ways similar to those of Sponseller et
al.72 and Callaghan et al.45 who noted ipsilater-
al knee pain rates of approximately 45% and
60% in their case series. In the study of
Callaghan et al.,45 the mean time of knee pain
onset was 23.4 years following hip fusion. The

position of the hip fusion influenced the inci-
dence of pain and radiographic changes in the
knee. However, in contrast to Sponseller et
al.,72 a direct correlation between hip arthrode-
sis position and deformity of the knee could
not be observed. Of note, the incidence of ipsi-
lateral knee pain was obviously higher in
patients with fused hips in an excessively
abducted position. Price and Lovell only noted
one out of 14 patients who was complaining of
ipsilateral knee pain (mean follow-up: 4.4
years).75

Pain in the contralateral hip
Pain in the contralateral hip joint is a com-

mon problem in patients with previous hip
fusion. In the study of Callaghan et al., ten
patients (36%) revealed a significant decrease
of joint space in the contralateral hip joint and
nine patients (32%) were symptomatic.45 The
mean time of onset of pain in the contralateral
hip joint was 20 years (range: 10-28 years). In
six cases this lead to a THA of the contralater-
al hip. Of note, Garvin et al. noted a higher rate
of THA failure when the contralateral side has
a long-standing fusion.76

Leg-length discrepancy
Leg-length discrepancy with varying degrees

of severity is a common finding in patients
with hip fusion and may sometimes need to be
addressed.53 Gore et al. studied the walking
pattern in men with unilateral hip arthrodesis.
They noted favorable gait patterns in patients
who have equal limb lengths and recommend-
ed treatment of the LLD.52 This is similar to the
study of Benaroch et al. who studied a series of
13 adolescents who had previous hip arthrode-
sis (mean age: 15.6 years, mean follow-up: 6.6
years).77 In this study, a significantly higher
incidence of back pain was noted where LLD
was above twocm. Based upon bone age, epi-
physeodesis may be an effective and low-risk
modality to decrease or correct the discrepan-
cy in these cases. In some cases, a shoe lift
may be used as well.75

Arthrodesis or THA: patient choice
in retrospection?
Hip arthrodesis may be the proper choice of

treatment in certain cases as discussed exten-
sively above. However, in the current era of hip
preservation surgery and advanced bearing
surfaces for THA decision-making may prove
to be an extremely difficult task for patients. In
a long term follow-up study performed by
Callaghan et al., 28 patients underwent hip
arthrodesis with a mean follow-up of 35
years.45 All patients were asked if they would
choose hip arthrodesis or THA in retrospect
having been through the arthrodesis. Eight
patients were happy they chose an arthrodesis.
Two patients would definitely have had a THA

in retrospect and 17 patients could not decide.
One patient could not understand the question
and was, therefore, excluded from the ques-
tionnaire.

Conversion of a hip arthrode-
sisto a total hip arthroplasty

Conversion of a hip arthrodesis to a THA has
been reported to give favourable outcomes.78-88

Indications for conversion of a fused hip to a
THA include functional disability and continu-
ous pain in the back, knee, and/or contralater-
al hip secondary to hip fusion. Because of the
lack in surgical landmarks, altered hip anato-
my and likely compromised muscle function
this procedure is technically demanding and
results may not be as predictable as a primary
THA.87,89 The patient has to be aware of higher
complication rates and the possibility of
decreased survivorship of the prosthesis than
that seen with primary THA. Strathy and
Fitzgerald noted a high complication (33%)
and a revision rate (22%) in THA after hip
ankylosis (mean follow-up: 10.4 years).90 This
study, performed in 1988, involved 80 cement-
ed Charnley THA implantations in 74 patients
who had either a spontaneous ankylosis or a
surgical hip arthrodesis. Various risk factors
for THA failure in fused hips could be identi-
fied. These include surgical fusion (48.5% fail-
ure rate in patients who underwent surgery
versus 5% in patients who had spontaneous
ankylosis), more than two surgeries, and
patient age of 50 years or less at the time of
conversion THA. 
Hardinge et al. performed a retrospective

study on 112 hips (104 patients) converted to
THA after spontaneous or surgical fusion
excluding ankylosing spondylitis (mean follow-
up: 25 years).91 In this series, only 5% of
patients were dissatisfied with THA, although
optimum scores on hip evaluation were not
achieved until 18 to 24 months after conver-
sion.
Kilgus et al. reported on 41 ankylosed hips

(38 patients) that were converted to THA.80 In
this study cohort 68% were spontaneous
fusions while 32% were surgically fused. The
mean follow-up after conversion to THA was
seven years (range: 2-16.5 years). Indications
for THA were: non-radicular, activity related
back pain (68%), loss of function from immo-
bility or malposition of the fused hip (50%),
incidence of pain in the ipsilateral knee (42%),
pain in the fused hip (16%), and pain in both
contralateral knee and hip (8%).
Postoperatively, range of motion was slightly
less when compared to primary THA. The rate
of failure was 8% for the group with previous
spontaneous fusion and 23% in the group who
had surgically fused hips. Of note, hip func-
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tional scores before and after THA were not
significantly different. Other risk factors for
earlier failure were: age less than 45 years at
the time of THA and two or more operations
prior to conversion to a THA.
The outcome after THA in patients with

fused hips was more favorable in recent case
series revealing lower complication rates
(11%, 12%) and better prosthetic survival rates
(90%, 97%) after conversion of a fused hip to a
cemented THA.83,84

Peterson et al. retrospectively reviewed 30
patients who had previous spontaneous or sur-
gical arthrodesis (mean follow-up: 10.4 years,
range: 2-20.5 years).88 Pain and function levels
as well as factors influencing the survivorship
of THA were assessed. A failure rate of 23%
was noted. The overall survival rate was 86% at
five years while a survival rate of 75% was
observed after a follow-up of ten years. At the
last follow-up visit, 91% had no or minimal
pain, 87% of the patients limped, and 61% of
the patients needed a walking aid. The sur-
vivorship of the prosthesis was superior in
patients older than 50 years and in those
patients whose arthrodesis had been per-
formed more than 30 years ago. Of note, the
survivorship in patients older than 50 years
whose hip was fused for more than 30 years
was 100% at a ten year follow-up.
Based on the study reported by Strathy et al.,

the number of operations necessary to fuse the
hip did not influence outcome of THA after hip
arthrodesis.90 Prosthesis survivor rate was
similar in patients who had a previous sponta-
neous ankylosis and patients who had a previ-
ous surgical hip arthrodesis.
In general, conversion of a fused hip to THA

may likely relieve pain in adjacent joints and
meaning fully improve mobility of the hip
(although not as good as with a primary THA).
However, postoperative gait quality is strongly
related to the preoperative abductor muscle
function and it is likely that patients may
require walking aids after conversion to THA.
Full recovery may take up to two years or more.  

Take home message

In adolescents and young adults hip
arthrodesis remains an effective treatment
option providing stability and pain relief with-
out a significant loss of bone stock.
Furthermore, it allows patients to fulfill their
needs including strenuous activities and high-
demand function. It can, if indicated, be con-
verted into THA and may in certain cases be
considered as a time buying procedure.
Although various surgical approaches and
techniques have somewhat similar outcomes,
the surgical technique chosen for the fusion
should attempt to minimize trauma to the

muscles around the hip so as to allow for a con-
version to a THA in a later stage with some
predictable outcome. 
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